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(54) Computer-based method of structuring product configuration information and configuring a 
product 

(57) A computer based method of collecting, struc- tion to be used in the creation of an object-based pro- 
turing, and displaying product configuration information, gram tor validating a set of product options and 

and using the product configuration information to pro- configuring a product, 
duce a computer program that validates product option 
selections and configures a product, is disclosed. The 
computer based method is used to create a Knowledge 
Map that contains product information objects. A prod- 
uct information object can be one of: a product option «-^[ 
object, representing a customer option; a product mod- 
ule object, representing a collection of product parts, 
plans, tools, functional tests, inspections, or software; a 
grouping object, grouping product options or modules; 
or a relational object representing a relation between 
product objects. An input device is used to select a plu- 
rality of product information objects and position the 
objects in a display area. Upon selection of the objects, 
an operator is prompted to input specific information 
pertaining to the selected object. Constraints limit the 
selections that an operator can make, the appearance 
of the objects, and the configurations that can be pro- 
duced from selected objects. Information pertaining to 
selected objects and their configuration is stored in a 
database. Changes can be made directly to the infor- 
mation stored in the database, and these changes are QhSl) 
reflected in a corresponding display of the product infor- 
mation. After producing a Knowledge Map, the informa- 
tion is retrieved from a database to produce a set of C Mf ® ) 
rules that is input to a rule-based program for validating 

a set of product option selections and configuring a final <5%pw f 

product defined by resulting modules. The information 
can also be retrieved to produce object-based informa- 
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Description 

Field of the Invention 

5 ■ [0001] The present invention relates to product intormation systems and, in particular, to a method and apparatus tor 
storing and graphically displaying product configuration information. 

Background of the Invention 

io [0002] Many businesses that sell products provide customers with a number of options that can be selected by the 
customer to configure a particular product. Generally, the selection of one or more options determines particular mod- 
ules that are required for assembly of the product in order to provide the functionality described by the selected 
option(s). Modules may include parts, plans, tools, or software that are included in the product or used to assemble the 
product. Interrelationships between configuration options are such that the selection of a particular option may depend 

is upon the selection of one or more other options. In addition, the selection of one or more options may preclude the 
selection of certain other options. In a product containing large numbers of modules, and where numerous options are 
presented to customers, the selection of options and production of a customized product configured according to the 
options selected is complex. The production of the product necessitates knowledge of the module requirements based 
upon the selected options, wherein the actual module requirements depend upon the particular combination of options 

20 selected. In the production of a product having a complex manufacturing system, knowledge of the relationships 
between options and the requirements resulting from the selection of options is often decentralized and not automated. 
Collating the necessary information requires reference to multiple individuals or other sources of information, which is 
expensive and time consuming. 

[0003] The commercial aircraft industry provides an example of complex configurable products and customers who 

25 select from many options to customize the products. For example, the selection of a particular aircraft engine depends 
on particular functional requirements of the airplane, as well as customer preferences of engine manufacturers. A cus- 
tomer that desires an aircraft capable of takeoffs and landings at high altitude is restricted to a selection of aircraft 
engines that satisfy this requirement. A preference for a particular engine manufacturer further limits the possible selec- 
tions of an aircraft engine. A customer may also desire an aircraft capable of flying long distances. Since aircraft 

30 engines have different capabilities, selection of a particular option may preclude selection of a particular second option. 
Similarly, selection of a particular functional option, such as the ability to fly long distances, may require the selection of 
a related option, such as an option for a smaller number of passenger seats, or a smaller cargo compartment. Once a 
particular option of an aircraft engine is selected, there follows a requirement for a particular module of parts necessary 
to accommodate the aircraft engine. 

35 [0004] Many people are involved in designing and building a commercial aircraft. Various engineers have particular 
knowledge of portions of the aircraft, such as the aircraft engine, the aircraft cockpit, or the interior of the aircraft.. A cus- 
- torner configuring an aircraft is presented with the selectable options and the relationship between the options. Provid- 
ing this information to a customer may involve several people and the transferring of information from one person to 
another. Once the configuration discussions are complete, the requirements of modules that are to be included in the 

40 aircraft must be provided to the manufacturing teams. 

[0005] As will be readily appreciated from the foregoing description, a need exists for a graphical representation of 
product information that allows a user to specify product options and, based on the user specifications, quickly and 
accurately determines the modules required to make up the chosen product configuration. Such a system optimally pro- 
vides the user with a product "Map" that displays available product options and the constraints associated with particu- 

45 lar choices. 

[0006] A rules-based system is a data processing system that operates on some domain of knowledge. Knowledge 
about the domain and the logic that experts employ with respect to the domain are acquired and represented by a set 
of rules. An inference engine receives the set of rules and processes them in order to provide rational deductions from 
the rules. Rules-based systems are well known in the art, and inference engines are commercially available. 
so [0007] The acquisition of information and the creation of rules to be employed within a rules-based system is a com- 
plex task. A need exists for an improved method of acquiring information pertaining to product configurations and the 
generation of rules that can be input to an inference engine. A rules-based system employing such an improved method 
of information acquisition preferably will be used to validate product options selected by a customer and to assist in the 
configuration of a product in accordance with the selected product options. 



55 



Summary of the Invention 

[0008] In accordance with this invention, a computer based method of structuring product information and using the 
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product information to produce a computer program that validates product selection options and configures a product 
is provided. The computer based method creates a Knowledge Map that graphically displays the information necessary 
to configure a product. A Knowledge Map may be an option-to-option Knowledge Map, which shows the relationship 
between product options, or an option-to-module Knowledge Map, which shows the modules required to make the 
product based on the selection ol options. The computer based system includes a processor, memory, an input device, 
and a computer display device. In accordance with the invention, a pallet including a representation of graphical objects 
is displayed. A user selects graphical objects from the pallet and indicates a position in the display area where each of 
the objects is to be displayed. The graphical objects include a graphical option object, which represents information per- 
taining to a selection that may be made by a user when configuring the product. The graphical objects also include 
graphical logical relationship objects, specifically a conjunctive relationship object and a disjunctive relationship object, 
which are used to represent information necessary in configuring a product. A graphical module object that represents 
a product module is also included. Graphical option objects and graphical module objects include an identifier that cor- 
responds to an entry in a database. The database stores and maintains information regarding product configuration 
options and requirements. 

[0009] In accordance with further aspects of this invention, the pallet includes a graphical contingent relationship 
object representing a contingent relationship between graphical option objects or module objects. A contingent relation- 
ship indicates that the selection of one of the related objects is required for the selection of the second object. 
[0010] In accordance with other aspects of this invention, the pallet also includes a graphical group box object, used 
to represent a grouping of product option objects. The grouping may be part of a relationship with other objects. 
[0011] In accordance with other further aspects of this invention, the pallet includes a graphical constraint object rep- 
resenting a constraint relationship between two graphical objects. 

[001 2] In accordance with still other aspects of this invention, the system automatically maintains and verifies prede- 
fined constraints regarding the creation of a Knowledge Map. This includes verifying that a hard called-out option iden- 
tifier associated with a graphical product object on a knowledge Map is not used twice. 

[0013] In accordance with stilt other further aspects of this invention, the system automatically retrieves the product 
information and produces a set of rules for use by a rules-based computer program to produce product configuration 
data. 

[0014] As will be readily appreciated from the foregoing description, the computer based system and method quickly 
and accurately creates a Knowledge Map that graphically displays product configuration information. The invention pro- 
vides a pallet of graphical objects that represent product information such as configuration options, modules, and the 
relationships between options or between options and modules. A user creates a graphical representation of the prod- 
uct configuration options, and enters information pertaining to each of the graphical objects. The invention allows a user 
to create a Knowledge Map containing the product configuration, quickly, efficiently, and accurately. Furthermore, mod- 
ifications to the Knowledge Map representation are also made efficiently and accurately The Knowledge Map provides 
a customer with a well organized description of the available options when determining a desired configuration of a 
complex product, such as a commercial aircraft. 

Brief Description of the Drawings 

[001 5] The foregoing aspects and many of the attendant advantages of this invention will become more readily appre- 
ciated as the same becomes belter understood by reference to the following detailed description, when taken in con- 
junction with the accompanying drawings, wherein: 

FIGURE 1 is a flow diagram illustrating the process of creating a Knowledge Map and configuring a product, in 
accordance with the invention; 

FIGURE 2 is a flow diagram illustrating in further detail the process of creating a Knowledge Map, in accordance 
with the invention; 

FIGURE 3 is a flow diagram illustrating in further detail the process of inputting product configuration information, 
in accordance with the invention; 

FIGURE 4 is a block diagram of a computer based system formed in accordance with the invention; 

FIGURES 5A-B illustrate the class hierarchy of the computer based system shown in FIGURE 4; 

FIGURE 6 is an exemplary, pictorial representation of the screen of the system shown in FIGURE 4, including a 

portion of a Knowledge Map; 

FIGURES 7A-7E illustrate exemplary knowledge Maps; 

FIGURE 8 is a flow diagram illustrating the process of creating a graphical object; 
FIGURE 9 is a pictorial representation of a title block editor window; 
FIGURE 10 is a pictorial representation of an option editor window; 

FIGURE 1 1 is a flow diagram of the process of editing information pertaining to a graphical option object; 



EP 0 899 672 A2 



FIGURE 1 2 is a pictorial representation ol a relationship object editor window; 

FIGURE 13 is a llow diagram illustrating the process ol editing information pertaining to a graphical relation object; 
FIGURE 14 is a pictorial representation of a contingent line editor window; 
FIGURE 1 5 is a pictorial diagram of a group box editor window; 
s FIGURE 16 is a flow diagram illustrating the process of editing information pertaining to a graphical group box 

FIGURES 17A-17B are flow diagrams illustrating the verification of constraints pertaining to a Knowledge Map; 
FIGURES 18A-18C are flow diagrams illustrating the process of retrieving rules-based information and generating 
a set of rules; 

to FIGURE 19 illustrates an exemplary Knowledge Map; and 

FIGURE 20 is a flow diagram illustrating the process of retrieving object-based information and generating object- 
based data. 



Detailed Description of the Pref erred Embodiment 
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[001 6] The present invention provides a method for structuring and displaying product information, validating a selec- 
tion of product options, and configuring a product based on the structured product information. Product information 
includes such data as product configuration options, modules, and the relationships between options or^ between 
options and modules. In the employment of the invention, a user gathers product information, or "knowledge and cre- 
20 ates a "Knowledge Map." which is a graphical representation of the knowledge. The Knowledge Map provides a user 
with a well-organized description of available product options and associated product module requirements. The user 
then retrieves the structured product information and creates a computer program that validates a customer's selection 
of product options and configures a product in accordance with the knowledge residing in the Knowledge Map. The val- 
idation and configuration program can be either a rules-based program or an object-based program, both of which are 
25 discussed in further detail below. 

[001 7] FIGURE 1 is a flow diagram illustrating the process 22 of creating a Knowledge Map. validating a selection ot 
product options, and configuring a product, in accordance with the invention. At step 24. knowledge pertainmg to prod- 
uct options and product configurations is retrieved from one or more sources. The sources may include knowledgeable 
experts, computer data, or printed information. At step 26, the collective product information is used to create a Knowl- 
30 edge Map on a computer. At step 28, the computer displays the Knowledge Map. 

[001 81 At step 30 the product information stored within the computer is retrieved, and used to automatically generate 
a set of rules in a form that serves as input to a rules-based computer program. The step of generating rules is dis- 
cussed in further detail below. At step 32. a rules-based computer program is executed using the set of rules 9 enerat ^ 
at step 30. The rules-based computer program performs an analysis on a set of product options corresponding to 
35 options selected by a potential purchaser of the product. The rules-based program also configures a product by deter- 
mining the modules required to be included in the product, based on the set of product options selected 
[001 91 Following step 28, the mechanism of the invention selectively proceeds to step 34. Step 34 and subsequent 
steps 36 and 38 are performed either in addition to steps 30 and 32 or as an alternative to steps 30 and 32. When per- 
formed in addition to steps 30 and 32, steps 34, 36 and 38 validate the accuracy of the rules-based program and rules 

40 produced steps 30 and 32. ' . „. ^ 

[00201 At step 34, the product information gathered at step 24 and stored in the computer is retrieved and used to 
generate object-based data. The object-based data may be in one of a plurality of media, including displayed on a com- 
puter monitor, paper, or stored on a computer storage medium, such as a disk drive. 

[00211 At step 36. an object-based program is created. Step 36 includes a computer programmer using the object- 
45 based data generated at step 34 to author a computer program. At step 38, the computer program created at step 36 
performs validation and configuration analysis, as discussed above at step 32. The use of a rules-based program and 
an object-based program to validate product options and configure a product is discussed in further detail below. 
[0022] FIGURE 2 illustrates in further detail the step 26 of creating a Knowledge Map. At step 40, product configura- 
tion information is received by the computer. At step 42, a computer program stores the product configuration informa- 
tion in a format that is useful for creating Knowledge Maps, as described in further detail below. At step 44 the computer 
program displays a graphic representation ot a Knowledge Map. The computer displays the Knowledge Map on one or 
more of a plurality of media, including a computer monitor or paper. 

[0023] At step 46 after reviewing the Knowledge Map, a user revises the Knowledge Map. editing the product config- 
uration information on the computer to produce a desired Knowledge Map. As indicated by the dashed line 47. revving 
the Knowledge Map may include returning to step 40 and inputting additional product configuration information. 
[0024] The invention can be employed to create two types of Knowledge Maps. An option-to-option Knowledge Map 
is used to configure a product. It contains options and relationships between the options. An option-to-module Knowl- 
edge Map is used to define the product. It contains options and modules, as well as relationships between options and 



so 
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modules. 

[0025) FIGURE 3 illustrates in further detail the step 40 of receiving product configuration information. At step 50, the 
computer receives general Knowledge Map information. General Knowledge Map information includes a title of the 
Knowledge Map, a list of one or more authors, significant dates, and other administrative information. At step 52, the 
computer receives product option information. Product option information includes options that can be selected by a 
customer to customize one or more products. 

[0026] At step 54, the computer receives option-to-option relationship information. Option-to-option relationship infor- 
mation describes relationships between product options. For example, the selection of one product option may require 
the selection of a second product option. Alternatively, the selection of one product option may preclude the selection 
of a second product option. 

[0027] At step 56, a determination is made of whether an option-to-module Knowledge Map is being created. If it is 
determined that an option-to-module Knowledge Map is not being created, the process 40 of receiving product config- 
uration information is complete. If, at step 56, it is determined that an option-to-module Knowledge Map is being cre- 
ated, the process continues at step 58, where the computer receives product module information. Modules includes 
parts, plans, tools, diagnostic tests, or software that are included in the product or used to assemble the product. 
[0028] At step 60, the computer receives option-to-module relationship information. Option-to-module relationship 
information includes relationships between product options and project modules. For example, the selection of an 
option may require one or more particular modules to be included in the production of the product. The combination of 
product option information, product module information, and relationship information provides the data necessary to 
create a Knowledge Map, as described in further detail below. Preferably, the receipt of information in steps 50, 52, 54, 
58, and 60 includes a user entering the information using a keyboard and mouse, or other appropriate input mecha- 
nisms. 

[0029] A computer system 402 formed in accordance with the invention for graphically displaying and storing product 
information is illustrated generally in FIGURE 4. The computer system 402 includes a graphical computer program 404 
that runs on a central processing unit (CPU) 405 controlled by an operating system 406. A memory 408, connected to 
the CPU generally comprises, for example, random access memory (RAM), read only memory (ROM), and magnetic 
storage media such as a hard drive, floppy disk, or magnetic tape. The CPU 405 may be housed within a personal com- 
puter, mini-computer, or a mainframe, as the benefits and functionality of the graphical computer program 404 may be 
implemented on a number of types of computers. In one actual embodiment of the invention, a graphical computer pro- 
gram formed in accordance with this invention runs on International Business Machine (IBM®) and IBM®-compatible 
personal computers. When used with IBM and IBM-compatible personal computers, the operating system 406 prefera- 
bly utilizes a windowing environment, such as Microsoft Windows®, Microsoft Windows 95®, or Microsoft Windows 
NT®. 

[0030] The graphical computer program 404 includes a user interface 41 0 that presents information to, and receives 
input from, an operator. The user interface is shown in functional form. In reality, it includes hardware (CRT display, key- 
board, mouse, etc.) and software (high level graphical programs, such as Visio®. described below). Functionally, the 
user interface 410 includes a display workspace 412, a Knowledge Map palette 414, and a plurality of editors 4 16. The 
display workspace 412 displays graphical objects and is itself a graphical editor, permitting manipulation of displayed 
graphical objects, as described further below. The Knowledge Map palette 414 displays a palette of graphical objects, 
and allows an operator to select a particular type of graphical object for placement in the display workspace 412. Each 
type of graphical object has an associated editor 416 for editing data pertaining to a particular instance of a graphical 
object. The graphical object editors are discussed in further detail below. 

[0031] One actual embodiment of the invention employs the Visio® 4.0 computer program, by Visio Corporation, of 
Seattle, WA, to provide the display workspace 412 and palette 414. The Visio® program provides a palette 414, 
referred to as a tool box, that includes a number of master shapes, such as boxes, diamonds, or arrows. 
[0032] Using an input device, such as a mouse, an operator selects one of the master shapes and drags an icon rep- 
resenting the master shape from the Knowledge Map palette 414 to a particular location within the display workspace 
412. The Visio® program then displays the selected master shape at the selected position. Visio® also provides tools 
to manipulate a shape once it has been placed in the display workspace 412. 

[0033] The Visio 4.0 system utilizes an object-oriented paradigm. In such a paradigm, a particular shape drawn on 
the computer screen is a graphical object, having certain attributes that define the object. The master shapes represent 
classes of objects. When an operator selects a master shape, or object class, and a corresponding location on the com- 
puter screen, an object corresponding to an instance of the selected class is created and displayed graphically on the 
computer screen. Generic attributes of the object, such as size and color, are initialized to default values and may be 
subsequently modified by an operator. 

[0034] In an object-oriented paradigm, a class is defined by its attributes. Objects, or instances, within the class 
include all class attributes. A subclass of a class may be defined, wherein the subclass "inherits" the attributes of the 
parent class. The inherited attribute values may be modified, or new attributes added to the subclass. An object of the 
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subclass correspondingly obtains the attributes of the subclass. Through "multiple inheritance:' an object may be cre- 
ated that is a member of more than one class. Such an object obtains the attributes of all of its parent classes. A hier- 
archy including classes, subclasses, and objects is useful to organize and understand the numerous objects in a 
complex system. 

5 [0035] The graphical computer program 404 also includes a graphical database 418 and an object database 420 for 
maintaining information pertaining to graphical objects.and product information. The graphical database 418 maintains 
data pertaining to the graphical aspects of each object. This includes information such as the coordinates and dimen- 
sions of a graphical product object, formatting information of graphics and text, and graphical relationships between 
objects, such as which of two objects is displayed on top of the other object. The object database 420 maintains infor- 

io mation pertaining to the products and options themselves, as described further below. As will be apparent to one skilled 
in this art, and others, the graphical database 418 and object database 420 can be combined into one database, or 
functionally divided in different ways. Visio® 4.0 includes a graphical database 41 8 that maintains coordinate, size, and 
formatting information for graphical objects. 

[0036] The graphical computer program 404 further includes a constraint engine 422 for maintaining constraints, or 
15 limitations imposed on an operator manipulating the graphical product objects. These constraints include graphical con- 
straints, such as whether a particular graphical object can be moved, resized, or reformatted. They also include product 
constraints, such as whether two particular types of graphical objects can be linked together. The particular constraints 
maintained and enforced by the constraint engine 422 are described in further detail below. 

[0037] In accordance with the invention, the system illustrated in FIGURE 4 is used to create a Knowledge Map. A 

so Knowledge Map is a graphical representation of product options, product modules, and the relationships between prod- 
uct options and product modules. It serves to document how options interact with other options when configuring a par- 
ticular product. An option-to-option Knowledge Map is useful in the selection of options during the configuration of a 
product. An option-to-module Knowledge Map indicates the modules that must be included in the production of the 
product in order to achieve the selected configuration. A Knowledge Map comprises one or more sheets, each sheet 

25 describing a particular area of the Knowledge Map. FIGURE 6 illustrates a portion of a Knowledge Map displayed within 
the display workspace 412 on a Computer screen. FIGURES 7A-7E also illustrate portions of Knowledge Maps. Prior 
to discussing Knowledge Maps in detail, the hierarchy of elements that compose a Knowledge Map are discussed. 
[0038] FIGURES 5A-B illustrate the class hierarchy 502 of the graphical objects that are used to create a Knowledge 
Map in accordance with the present invention. The rounded boxes in FIGURES 5A-B indicate classes of graphical 

30 objects selectable by an operator for placement on a Knowledge Map. The rectangular boxes indicate classes of graph- 
ical objects that are used to organize and show the relationship between graphical objects. FIGURES 7A-7E, which are 
exemplary portions of Knowledge Maps, illustrate Knowledge Maps containing the selectable objects of FIGURE 5A-B. 
Prior to discussing the objects in detail, a brief overview of the objects and their position within a class hierarchy is pre- 
sented. At the top of the hierarchy 502 is the class of graphical objects 504 that are displayed and manipulated within 

35 the display workspace 41 2. Below the class of graphical objects are three subclasses. One subclass includes title block 
objects 506, another includes graphical product objects 508, and the third includes graphical relation objects 540. The 
title block objects 506 are objects that control the display of information contained iria Knowledge Map Sheet informa- 
tion block, such as the title of the sheet, the authors, and the dates the sheet was created. In one actual embodiment, 
the information block is located in the lower right corner of the Knowledge Map Sheet. 

40 [0039] The class of graphical product objects 508 has two subclasses: a class of options 51 0 and a class of modules 
514. The class of options 510 has three subclasses: a class of option attributes 512; a class of attribute driven options 
(ADOs) 51 8; and a class of default configuration items 526. 

[0040] ADOs 51 8 are specific type of options. ADOs require that further selections be made before the option is given 
a complete option number. The further selections are the option attributes 512, which fully define the option. An option 

45 attribute can be associated with one or more ADOs. The default configuration items are default options that come into 
existence if no selection is made from a group of options containing a default configuration item. 
[0041] An option object can be either a hard called-out option or a reference option. A hard called-out option repre- 
sents a specific product option, selectable by a customer, that has a unique option number. The location of the hard 
called-out option is where the option is defined and all relationships between that option and other options are found. 

so Each product option, as identified by an option number, can have no more than one corresponding hard called-out 
option on a Knowledge Map. Where a particular hard called-out option must be referred to on a page or sheet of a 
Knowledge Map other than the sheet where the particular instance is defined a reference option is used. A reference 
option contains information referring to a hard called-out option and is used to represent the hard called-out option. 
Each of the four types of options (option 510. AD0518, option attribute 512, or default configuration item 526) must be 

55 either a reference option or a hard-called-out option. For example, an ADO must be either a reference ADO or a hard 
called-out ADO. All options must be hard called-out once. 

[0042] The modules 514, represent sets, or packages, of parts, plans, tools, functional tests, inspections, or software 
that are to be included in the product or used to assemble the product when one or more associated options are 
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when the two or more options are selected, the use of an assorted J^^^S^lI^Qur^ upon the selec- 
ules 532 include modules that are related to one or more opt,ons. An independent module is ^'9^ P 
t^onot exactly one option. The use of dependent and independent modules .s expla.ned .n ether deta.l below. 

product objects. The class of graphical relation objects 540 includes five sub passes g P ^ 

group boxes 726. 736. and 7<6 are contained v»HNn beTOeen M 

ionship 548 represents an exclusive OR relationship between ^J^^^^S^ one component 
component by a disjunctive relationship. ^tinn^hin between two components, where a 

^r"^^ relationships 554 represent a required relationship be^een , an optionJIO. or a group , b« 
Losing aUeastone option, and a module 514. Options 510 <« »9 » ^^^jScta. of 

Sff^tKS^ —hip 554 can 

requirement relationship with two or more option^ A logical ^'^^^^/jjJSd The logical modifier 556 
connected options that must be satisfied in order for tine ^nected ^ 5 " ^J^SS connected mod- 
can be an "AND" box 558, an "OR" box 5^ or « ^"^^^ D ^^SS« that the connected 
ule is required if all of the options connected to the AND box are ^selected. An i w ' °° indjcates 
module is required if any one or more of the options connected to the OR box are selected, at ' * u tfp 

Thedasshierarchy^ofthegraphicalobjectsthat^ 
Lee of object characteristics. Objects that are 'f a ^ r ^^^^^ to a particular 

of an object of the parent class, unless speoficaHy modrf.ed. n ^^teSrt are instantiated from its 

object illustrated in the hierarchy of FIGURES 5A-B refer ^^SSr^^^^^ refers to an option 
descendent subclasses, unless explicitly stated otherwise For example reference £ ane^o 

c*ci that ara selectable by an operator. The Kontc ^^^^^ t ^tS£ °con 616: a con- 

not relevant to this invention. The iconic representations within the pallet 414 are best discussed 
class hierarchy illustrated in FIGURE 5. 
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[0051] The option icon 604 graphically represents an option object 510, which a user can specify to be either a hard 
called-out option or a reference option. The dependent module icon 608 graphically represents the dependent module 
530. The independent module icon 610 graphically represents the independent module 532. The group box icon 612 
graphically represents the group box 542. The OR box icon 614 graphically represents an OR box 560 modifier of an 
5 option-module relationship 554. The AND box icon 616 graphically represents an AND box 558 modifier of an option- 
module relationship 554. The conjunctive relationship icon 618 graphically represents the conjunctive (and) relationship 
546. The disjunctive relationship icon 620 graphically represents the disjunctive relationship 548. As will be discussed 
further below, an editor can be used to enter information describing a logical relationship. 

[0052] The display workspace 412 contains graphical representations of the objects selected by an operator and posi- 

10 tioned within the display workspace 412. Depicted in the display workspace 41 2 of FIGURE 6 are several graphical rep- 
resentations, including graphical representations of three reference options 650a, 650b, and 650c. Two of the reference 
options 650a and 650b are linked by a disjunctive relationship 652. These two reference options 650a and 650b are 
also enclosed in a group box 654. The group enclosed by the group box 654 is linked to the third reference option 650c 
by a contingent relationship 656. 

is [0053] The contingent relationship 656 indicates that the acceptance of a customer selection of the contents of the 
group box 654 is contingent upon a selection of the third reference option 650c. That is, a selection of the contents of 
the group box 654 requires that a selection of the option 650c also be made. Note that the contingent relationship 656 
is one-directional. It does not represent a restriction on the selection of the reference option object 650c. Since the first 
and second reference options 650a and 650b are linked by a disjunctive relationship, the selection of the contents of 

20 the group box 654 means that one and only one of the two reference options 650a and 650b can be selected. 

[0054] A Knowledge Map of the type depicted in FIGURE 6 allows a customer to select one of the following combi- 
nations of product options: the first and third options 650a and 650c; the second and third options 650b and 650c; or 
the third option 650c. In particular, note that, as depicted, a customer cannot select both the first and second options 
650a and 650b. Also, it is not necessary to select either option 650a or 650b in order to select the third option 650c. The 

25 use and interpretation of Knowledge Maps such as the one depicted in FIGURE 6 are discussed in greater detail below. 
[0055] FIGURE 7A illustrates a portion of another exemplary option-to-option Knowledge Map 702. Hard called-out 
options 704 and 706 are represented as rectangles having a top rectangular portion 708 shaded black with the object 
. title 709 "Option" printed in white. An option identifier 710 and an option name 712 is displayed beneath the title 709. 
The 'five minute takeoff" option 704 and the "ten minute takeoff" option 706 are linked by a logical relationship, in par- 

30 ticular a disjunctive relationship 714. As discussed above, the disjunctive relationship 714 defines a relationship 
between two options or groupings of options such that either one of the options (or groupings) can be selected, but not 
both. The disjunctive relationship 71 4 depicted in FIGURE 7A indicates that a customer has a choice of either the "five 
minute takeoff' option 704 or the "ten minute takeoff" option 706, but not both. A group box 716 encloses option 704 
and option 706. The text 718 at the top of the group box 716 describes the meaning of the group box 716. 

35 [0056] When a disjunctive relationship links options, one of the options can be selected as the default. The default 
option represents the default selection if an operator does not make a selection. As depicted in FIGURE 7A, the mark- 
ing 715 "Default" near the top left corner of the "five minute takeoff' option 704 indieatesthat option 704 is the default 
option if a customer does not make a selection between option 704 and option 706. 

[0057] Reference.options 720 and 722 are similarly linked by a disjunctive relationship.724. A group box 726 encloses 
40 options 720 and 722, and is labeled with a group box label 728. Reference options 730'and 732 are joined by a disjunc- 
tive relationship 734, and are enclosed by a group box 736. 

[0058] A disjunctive relationship 738 links group boxes 726 and 736. The disjunctive relationship 738 represents a 
customer choice between the options enclosed within the group boxes 726 and 736. More specifically, a customer has 
a choice between group boxes 726 and 736. If the customer selects group 726, there remains a choice between options 

45 720 and 722, the choice being designated by a disjunctive relationship 724. If the customer selects group box 736, there 
remains a choice between options 730 and 732, the choice being designated by a disjunctive relationship 734. The 
result is that a customer has a choice of at most one option among the options 720, 722, 730, and 732. These options, 
and the group boxes 726 and 736 are enclosed by a group box 740 having a label 742 that comprises the text "Engine 
Options/ The configuration contained within group box 740 represents the product information that a customer has a 

so choice of at most one engine option. 

[0059] A contingent relationship 550 (FIGURE 5) defines a contingent relationship between two components, wherein 
a component can be either a graphical product object 508 or a group box 542 containing one or more graphical product 
objects. The contingent relationship 550 is represented as a one-directional arrow connecting the two components and 
pointing toward the "independent" component. The component away from which the contingent relationship arrow 

55 points is the dependent component. A contingent relationship 550 represents the information that the selection of the 
dependent component is contingent upon, or requires, the selection of the independent component. The converse is 
not true. That is, a selection of the independent component does not require that a selection of the dependent compo- 
nent be made. In FIGURE 7A, a contingent relationship 744 links option 706 and group box 740. As depicted in FIG- 
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URE 7 A, the contingent relationship 744 represents the information that the selection of the "ten minute takeoff" option 
706 (the dependent component) is contingent upon the selection of an option within the "engine options" group box 740 
(the independent component). More specifically, option 706 cannot be selected unless an option in group box 740, as 
discussed above, is selected. 

5 10060] As shown in FIGURES 5A and 5B, and described above, disjunctive relationships 548 and contingent relation- 
ships 550 are used to represent relationships between two graphical objects 504. As illustrated in FIGURE 7A. and as 
described above, a graphical object that is joined by a relationship object can be either an option (i.e., option 706), or a 
group box (i.e., group box 740) containing one or more options. Group boxes and relationships can be nested to any 
level. As illustrated in FIGURE 7A, group boxes 726, 736 are contained within the "engine options" group box 740. 
io Within a group box that is a component of a relationship, further relationships may exist. Group boxes may also overlap. 
Group box 746 encloses options 722 and 732, which are enclosed by group boxes 726 and 736, respectively. Group 
box 746 is used as a component in another relationship, linked by a contingent relationship 748. The contingent rela r 
tionship 748 links an option 750 with the group box 746. Option 750 is also linked with another option 752 by a disjunc- 
tive relationship 754. Options 750 and 752 lie within a group box 756. 
15 [0061 ] A graphical relation 540 can link two components, regardless of the components' position in a nested relation- 
ship. For example, as depicted in FIGURE 7A, contingent relationship 748 presents the information that a selection of 
the option 750 is contingent upon the selection of an option within the group 746. The existence of the option 750 within 
a group box 756 is not significant in determining the relationship represented by contingent relationship 748. Also, as 
depicted, the option 750 is contingent only upon the group represented by the group box 746, even though the contin- 
ue gent relationship 748 crosses the boundary of the group box 740. 

[0062] The depicted group box 740 includes an indicator symbol 760 that represents the information that a selection 
from the group 740 is mandatory. In one actual embodiment of the invention, the letter "M" is used as the indicator sym- 
bol 760. A group box having the mandatory indicator symbol 760 must be selected by a customer when configuring the 
product for a complete product definition 
25 [0063] The Knowledge Map of FIGURE 7A represents the following information regarding the selection of options to 
configure a commercial aircraft. A customer can select a takeoff thrust rating option, which is represented by the group 
box 71 6. This selection must be a choice between a five minute takeoff thrust rating (option 708) or a ten minute takeoff 
thrust rating (option 706). 

[0064] The selection of the ten minute takeoff thrust rating is contingent upon, and therefore requires, a selection ot 
an engine option (group box 742). As indicated by the "mandatory" symbol 760. the selection of an engine option is 
required even rf the ten minute takeoff thrust rating is not selected. The selection of an engine option requires the selec- 
tion of either a Pratt and Whitney (PW) engine option (group box 728) or a Rolls Royce (RR) engine option (group box 
736). A PW engine option can be either a PW2037 engine (option 720)or a PW2040 engine (option 722). An RR engine 
option can be either an RB21 1 -535E4-B engine (option 730) or an RB21 1 -535E4 engine (option 732). 
[0065] A customer can also select an option for airport altitude certification (group box 756). Within this selection, a 
certification of up to 8,400 feet (option 752) is the default, if a selection is not explicitly made. If the alternative option, 
of a certification up to 9,500 feet (option 750) is.selected, the customer must also select an engine capable of high alti- 
tudes, as represented by the group box 746. The contingent relationship 748 expresses this requirement. 
[0066] Note that the contingent relationships 744 and 748 are one-directional. A customer may select a high altitude 
40 engine without selecting a high altitude certification or a ten minute takeoff thrust rating. 

[0067] In FIGURE 7A ( options 704, 706, 750, and 752 are hard called-out options. Options 720, 722, 730, and 732 
are reference options. Preferably, reference options are distinguished visually from hard called-out options. As depicted 
in FIGURE 7A, the reference options 720, 722, 730, and 732 include rectangular shaded areas 758 at the bottom of the 
rectangles representing the options, with the text 759 therein displayed in white. The text includes the drawing number 
45 on which the referenced option appears as a hard called-out option. 

[0068] A constraint relationship links two graphical product objects or group boxes. FIGURE 7B illustrates a constraint 
relationship 768, graphically represented as an arrow with a pointer atone end. A constraint relationship depicts a lim- 
iting factor, or consuming requirement, between two product objects or group boxes. A constraint relationship 768 has 
an associated identifier 766 that corresponds to text 767 explaining the constraint. The text 767explanat.on does not 
need to explain the reason for constraint, but preferably provides the precise constraining rule between the two objects. 
As depicted in FIGURE 7B, the 500W electrical power option 761 is connected by the constraint relationship 768 to a 
"galley options" group box 762. The galley options group box 762 includes a 100W galley option 763 and a 300W galley 
option 764, which are connected by a disjunctive relationship 765. The 100W galley option 763 requires 100 watts of 
power The 300W galley option 764 requires 300 watts of power. A constraint relationship text 767 that explains the con- 
straint 768 between the galley options group box 762 and the 500W power option 761 may provide the following text: 
"Power required for galley option < power available." During configuration, the configuration software then subtracts 
100W or 300W, depending on the galley option selected, from the 500W power supply option 761; leaving 400W or 
200W for other options requiring power. If the result is less than zero, then either an error message is displayed or 
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another power supply must be brought into the system. 

[0069] FIGURE 10 illustrates an exemplary option-to-option Knowledge Map containing an attribute driven option 
(ADO) 770 and three option attributes 771a, 771b and 771c. The ADO 770 includes an indicator 772d, depicted as an 
"M," representing the information that the ADO is mandatory. A mandatory option is an option that is required to be 
5 selected in order to complete the product configuration. As depicted in FIGURE 7C, the ADO 770 representing airplane 
identification numbers is a mandatory option. 

[0070] A contingent relationship 773, graphically represented as an arrow with a pointer at one end, represents the 
information that the ADO 770 is contingent upon the selection of options within a group box 774. The group box 774 
contains the three option attributes 771a, 771b and 771c. The option attributes 771a, 771b and 771c are linked to each 

io other by conjunctive relationship operators 775a and 775b, indicating that a selection within the group box 774 requires 
a selection of all three option attributes 771a, 771b and 771c. As depicted by the indicators 772a, 772b and 772c, the 
three option attributes 771a, 771b and 771c are mandatory. The portion of the Knowledge Map depicted in FIGURE 7C 
represents the information that a complete commercial airplane product requires the selection of the ADO 770 repre- 
senting airplane identification numbers. The selection of the airplane identification numbers is contingent on the selec- 

15 tion of three components of the airplane identification numbers represented by the option attributes 771a, 771b and 
771c, namely a purchase agreement number, a registry number and a manufacturers serial number. A contingent rela- 
tionship 773 can have a text explanation associated with it (not shown) that explains the reason for the contingency. 
[0071] FIGURE 7D illustrates a portion of an exemplary option-to-module Knowledge Map formed in accordance with 
the invention. A "24-ply tires" independent module 776 is connected by an option-module relationship 790 to a "minor 

20 model" option 778 and a "maximum landing weights" group box 788. The option-module relationship 790 is modified by 
a conjunction box, specifically an OR box 779. The Knowledge Map depicted in FIGURE 7D designates the information 
that if the "minor model" option 778 is selected, or if the "maximum landing weights" group box 788 is selected, the "24- 
ply tires" module 776 must be included in the product. A relationship identifier 781 between the OR box 779 and the 
"minor model" option 778 corresponds to text 793a that explains the reason for the requirement with regard to the 

25 "minor model" option 778. A second relationship identifier 791, corresponding to text 793b, explains the reason for the 
requirement with respect to the group box 788. 

[0072] Within the group box 788, two options 782 and 784 are linked by a disjunctive relationship 786. This portion of 
the Knowledge Map represents the information that if either one of the options 782 or 784 are selected, then the inde- 
pendent module 776 must be included in the production of the product. The module 776 is considered to be independ- 
30 ent because its inclusion in the final product is required if exactly one associated option (782, 784, or 778) is selected. 
As depicted, the relationship identifiers 781 and 791 are different, and therefore have different corresponding text expla- 
nations 793a and 793b. In accordance to constraints explained in further detail below, it is possible for two or more rela- 
tionship identifiers 781 and 791 to have the same associated explanatory text 793. 

[0073] The disjunctive relationship 786 specifies a relationship between the "maximum landing weight" option 782 and 
35 the "increase maximum landing weight" option 784. Specifically, the disjunctive relationship 786 indicates that, in order 
to select the "maximum landing weights" group box 788, only one of the options 782 or 784 must be selected. Both 
options 782 and 784 may not be selected at the same time. Contrasted with this relationship, the OR box 779 does not 
specify a relationship between the "minor model" option 778 and the "maximum landing weights" group box 788. It is 
valid for a product configuration to include the selection of both the "minor model" option 778 and the "maximum landing 
40 weights" group box 788. The OR box 779 modifies the option-module relationship 790rbut indicates no relationship 
between options or group boxes. 

j0074] FIGURE 7E illustrates a portion of an exemplary option-to-module Knowledge Map including a dependent 
module 792, representing a "Pratt and Whitney hydraulic pump," that is associated with two options: An "engine-driven 
hydraulic pump" option 794 and a "Pratt and Whitney engines" option 796. The options 794 and 796 are linked to the 

45 dependent module 792 by an option-module relationship 798 that is modified by an AND box 797. 

[0075] As depicted, the option-module relationship 798 together with the AND box 797 indicates that if the options 
794 and 796 are both selected, then the dependent module 792 must be included in the production of the final product. 
If only one of the options 794 or 796 is selected, then the dependent module 792 is not included in the production of the 
final product. Only the selection of both options 794 and 796 creates the requirement that the dependent module 792 

so be included in the product. Unlike the conjunctive relationships 775a-b in FIGURE 7C, the AND box 797 does not create 
a relationship between the options 794 and 796 it connects. It is valid for only one of the connected options 794 or 796 
to be selected without the selection of the other option. The module 792 is considered to be a dependent module 
because its inclusion in the final product is required only if more than one associated options are selected. As depicted, 
the option-module relationship 798 includes a relationship identifier 799 having a corresponding explanatory text 795. 

55 As depicted in FIGURE 7E, when a relationship identifier describes the relationship between a module and each of the 
options connected by an option-to-module relationship 798, the relationship identifier 799 can be positioned between 
the logical modifier and the module. This is contrasted with the use of two relationship identifiers 781 and 791 (FIGURE 
7D) positioned between the logical modifier and the option or group box corresponding to the relationship identifier, 
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where the corresponding explanatory texts 793a-b differ. 

10076] FIGURE 8 is a flow diagram illustrating the process 802 of creating and editing graphical objects in accordance 
with the invention. At step 804, a palette 414 (FIGURES 1 and 3) containing iconic representations of graphical objects 
15 displayed. When an operator (i.e., a user) selects one of the graphical objects represented on the palette, at step 

5 806, the operator's selection is input. The operator then indicates a position in the display workspace 412 (FIGURES 1 
and 3) where the graphical object is to be located. At box 808, the coordinate positions of the selected object are input. 
In one actual embodiment of the invention, the specification of a position on the display workspace 412 is performed by 
clicking a button on a mouse when the cursor is above the graphical object selected from the palette, moving the cursor 
to the precise coordinates in the display workspace 412 by dragging the mouse, and releasing the mouse button at the 

io desired position. As a result of the input selection of a graphical object (step 806) and the input of the selected object's 
coordinates (step 808), at step 810, a representation of the graphical object is displayed in the display area 412. As will 
be readily understood by one skilled in this art, and others, a number of different means of specifying coordinate posi- 
tions on a display space exist that are functional for placing a graphical object on a display space. Thus, description of 
using a mouse to select and drag an iconic representation of a graphical object should be considered exemplary, and 

15 not limiting. 

[0077] Once the graphical object 504 is displayed, at step 812, the computer program 404 maintains constraints 
regarding the graphical object. These include constraints such as limiting the manipulation of the graphical object by the 
operator. For example, when the graphical object 504 is displayed, predetermined sizes are employed. A graphical 
product object 508 has a predetermined length along the x axis, and a predetermined height along the y axis. The con- 
20 straint engine 422 (FIGURE 4) prevents an operator from modifying the ratio of the graphical product object 508 length 
to its height, the length of the graphical product object, or the height of the graphical product object 508. In addition, a 
graphical product object 508, as illustrated in FIGURES 7A-7E, includes at least two graphical elements, each of the 
graphical elements having a predetermined length and height. The constraint engine 422 prevents an operator from 
separating the graphical elements of a graphical product object 508, removing a graphical element from a graphical 
25 product object, or modifying the size of any element of a graphical product object. These constraints operate to maintain 
predefined visual standards pertaining to a Knowledge Map, and thereby improve their ability to convey information. 
The constraint engine 422 also prevents an operator from directly modifying the text within any graphical object 504. An 
operator can only modify the text within a graphical object by the use of the editors 416, as described below. The con- 
straint engine 422 prevents an operator from directly modifying, deleting, or adding text to a graphical object. The con- 
so straints are discussed in further detail below. 

[0078] At step 814, an editor 416 corresponding to the type of graphical object is invoked. In one actual embodiment, 
the editor is invoked in response to an operator double clicking on the mouse button when a cursor is over a graphical 
object. Alternatively, an editor can be invoked as a result of a command selection from a menu, or as a result of a key- 
board command. Details of the functioning of the editors 416 are explained below. After the editing is completed, the 
35 corresponding graphical object is updated. At step 816, a test is made to determine whether the operator has made 
another palette selection. If another palette selection is + made, flow returns back to box 806. If no more palette selec- 
tions are made, at step 818, a validation of synoptic rules is performed. At step 820, a validation of syntactic rules is' 
performed. Explanations of the syntactic rules and semantic rules are provided below. 

[0079] FIGURE 9 illustrates a title block editor 902"; which interfaces with an operator to allow entering or modification 
40 of title block 506 information. In a conventional manner when a cursor is moved to one of the hereinafter described 
boxes, the operator is allowed to enter information into, or edit previously entered information in the box. An edit box 
904 accepts input from the keyboard, specifically input that specifies an author's name. A corresponding edit box 906 
accepts the date of the drawing as input. Edit box 908 receives input of the name of a person whD checked the accuracy 
of the drawing. A corresponding box 910 receives input of the corresponding date. Edit boxes 912 accept input of engi- 
45 peers* names, and corresponding edit boxes 914 accept input of the corresponding dates. Edit box 916 accepts input 
of the name of a person who approved the Knowledge Map. Edit box 918 accepts input of the corresponding date of 
approval. 

[0080] A pair of radio buttons 920, 922 allows an operator to select the Knowledge Map type. A radio button 920 rep- 
resents an option-to-option map selection, and a radio button 922 selects an option-to-module map. While one button 
so must be selected, the radio buttons 920, 922 are coordinated, so that only one of the pair can be selected. An edit box 
924, which includes a vertical scroll bar 926, accepts input of the title of the Knowledge Map. 

[0081] An edit box 928 accepts input of a drawing number. In accordance with the invention, the computer program 
verifies that the drawing number entered by an operator matches a predetermined format. In one actual embodiment of 
the invention, for example, the format of the drawing number is "KMXXXXYZZZZ," where: 

55 

XXXX represents a four-digit number; 

Y represents a letter indicative of a product model; and 

7777 represents a four-digit serial number. 
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in this actual embodiment, the first two letters of the drawing number must be "KM." When an operator, by selecting an 
"OK" button 938, requests that the computer program 404 accept all the information entered in the title block editor, the 
program 404 automatically verifies that the drawing number is syntactically correct. If the drawing number entered is 
incorrect or missing, an error message (not shown) is displayed indicating that the drawing number is invalid. 

5 [0082] An edit box 930 accepts input of a sheet number. An edit box 932 accepts a revision number. An edit box 934 
accepts input of a group organization. A drop-down list box 936 allows the selection of a drawing status from a list of 
predetermined status options. The "OK" button 938 accepts entry of the information entered in the title block editor 902. 
A "cancer 1 button 940 cancels the information that was entered by the operator during the current session of the title 
block editor. Finally, a help message box 942 displays messages to assist the operator in completing the title block edi- 

io tor. Preferably, when the cursor is moved over one of the controls, corresponding informational text is displayed in the 
help message box 942. 

[0083] FIGURE 10 illustrates an exemplary option editor window 1002, for editing the attributes of an option 510. An 
edit box 1004 accepts input of an option number. The option number is a number that uniquely identifies the option, and 
corresponds to option information stored in a database 420 (FIGURE 4), discussed in more detail below. The edit box 

75 1004 operates in conjunction with a list box 1006, which lists all of the available option numbers. The list box 1006 is 
populated after retrieving a list of available options from the database. When an operator selects an available option in 
the option list box 1006, the option number is automatically inserted in the option edit box 1004. Alternatively, the oper- 
ator can directly enter an option number in the option edit box 1004. Each available option has a corresponding option 
title and description stored in the database. When an available option is selected, the corresponding option title is auto- 

20 matically displayed in an option title edit box 1008, and the option description is displayed in an option description edit 
box 1011 . Preferably, the option title edit box 1008 and the option description edit box 101 1 include scroll bars 1009 and 
1013, respectively, for vertical scrolling. 

[0084] As discussed above, an option can be one of four option types: an option attribute, an attribute driven option 
(ADO), an option specified as a default configuration item, or an option that is none of these types. The option type 

25 selection box 1010 contains four radio buttons corresponding to the four option types. Radio button 1014 corresponds 
to an option attribute type. Radio button 1016 corresponds to an attribute driven option (ADO). Radio button 1018 cor- 
responds to a default configuration item (DCI). Radio button 1012 corresponds to an option that is not an option 
attribute, an ADO or a DCI. One of these radio buttons must be selected, and only one can be selected at a time. 
[0085] Radio buttons 1020 and 1022 are used to indicate whether the option is a reference option (button 1020), or 

30 a hard called-out option (button 1022). A selection box 1024 is used to indicate whether the option is discretionary or 
mandatory. A radio button 1026 corresponds to a discretionary option, and a radio button 1028 corresponds to a man- 
datory option, as explained above with reference to FIGURE 7C. 

[0086] A reference information block 1030 displays information pertaining to reference options. When a reference 
option is specified, the corresponding reference number is displayed in a display box 1032, and the corresponding 

35 sheet number is displayed in a display box 1 034. The reference number and sheet number are retrieved for the speci- 
fied option number from the^database and automatically displayed in the reference information block 1030. 
[0087] A help box 1036 near the bottom of the option editor window 1002 automatically displays information describ- 
ing each of the controls in the option editor. When the cursor is moved over one of the controls, corresponding informa- 
tional text is displayed in the help information box 1 036. ^ 

40 [0088] A "Cancel" button 1 038 is used by an operator to cancel all entries and changes made during the current invo- 
cation of the option editor. An "OK" button 1040 is used to accept all edits and changes that have been made. After an 
operator selects the OK button 1040, the computer program 404 automatically updates the corresponding graphical 
option object 510 in accordance with the specifications entered in the option editor 1002. 

[0089] FIGURE 11 illustrates the process 1102 of entering and modifying information in the option editor 1002. The 
45 computer program, in accordance with the invention, prevents the invocation of the option editor until a drawing title has 
been entered, as discussed above with reference to the title block editor 902 (FIGURE 9). Thus, upon invocation of the 
option editor (box 814 of FIGURE 8), a test is made, at step 1104, to determine whether a drawing title has been 
entered. If a title has not been entered, at step 1 1 05, an appropriate message is displayed, and the option editor exits. 
If a title has been entered, the process proceeds to step 1 106, where a list of options is retrieved from the database 420 
so (FIGURE 4) and displayed in the available option list box 1006. At step 1 1 08, the program receives input from the oper- 
ator specifying the option number or identifier, as discussed above. If an option number is entered directly in the option 
number edit box 1004, rather than being selected from the available option list box 1006, a test is made at step 1 1 10 to 
determine whether the entered option exists in the database 420. If the option does not exist in the database, at step 
1112a warning is displayed to the operator. At step 1 1 1 4, the program accepts operator input of the option title in the 
55 option title edit box 1008. At step 1116, the program accepts operator input of the option description in the option 
description edit box 1011. 

[0090] At step 1118, the program accepts operator input of the option type, in the option type selection box 1010. At 
step 1120, the program accepts operator input of whether the option is a reference option (button 1020), or a hard 
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called-out option (button 1022). At step 1122, a test is made of whether reference option has been selected. If reference 
option has been selected, at step 1 124, the reierence number and sheet number corresponding to the selected option 
number is retrieved from the database arid displayed in the reference number display box 1032 and the sheet number 
display box 1034, respectively. 

[0091] At step 1 126, the program receives operator input, in the discretionary/mandatory box 1024. of whether the 
option is discretionary or mandatory. When the operator selects the OK button 1040, at box 1128, the information 
entered in the option editor is stored in the database 420 with references to the corresponding option object 51 10. At step 
1 130, the option object is modified according to the input information. As will be apparent to one skilled in this art, and 
others, the specific controls used in the option editor 1002, and the steps described in the process 1102 of entering 
information in the option editor can be modified while remaining within the scope of the invention. The display of the 
option editor 1002 and the corresponding process 1 102 should be considered exemplary, and not limiting. 
[0092] FIGURE 1 2 illustrates an exemplary logical relationship editor window 1 202, operative for displaying informa- 
tion and allowing editing of information pertaining to a logical relationship object 544 (FIGURE 5). The logical relation- 
ship editor window 1202 is displayed when a logical relationship object 544 has been created, and its editor invoked 
(box 814 of FIGURE 8). As illustrated in FIGURE 6, a Knowledge Map palette 414 includes two icons representing log- 
ical relationship objects. One icon 614 represents a conjunctive relationship object 546 and one icon 616 represents a 
disjunctive relationship object 548 (FIGURE 5). Invocation of the corresponding editor for either graphical object dis- 
plays the logical relationship editor window 1202. The type of logical relationship object 544 is displayed in the title 1 204 
of the editor window. The logical relationship editor 1202 depicted in FIGURE 12 corresponds to a conjunctive relation- 
ship object 548. A help box 121 0 displays text that explains the functioning of the controls within the editor window 1202, 
when the cursor is positioned over one of them. A description edit box 1 21 2 allows an operator to enter text that explains 
the relationship represented by the logical relationship object 544. Prelerably, the description edit box 1212 includes a 
vertical scroll bar 1214. . 
[0093] The logical relationship editor further includes a "Cancer button 1216 and an OK button 1218 operative for 
canceling the current edits in the logical relationship editor, or for accepting the current edits, respectively. A logical rela- 
tionship editor for entering information pertaining to a disjunctive relationship object is similar to the editor depicted in 
FIGURE 12. except that the title indicates the disjunctive relationship. 

[0094] FIGURE 13 illustrates the process 1302 of creating and editing a logical relationship object 544. As discussed 
above with regard to FIGURE 8 (blocks 806 to 810), a logical relationship object is created and positioned in the display 
workspace 412 (FIGURE 6). The logical relationship editor 1202 is then invoked (see 814, FIGURE 8). At step 131 0, a 
description of the relationship is input in description edit box 1212. At step 1312, the information entered by an operator 
is stored in the database arid associated with the logical relationship object 544. 

[0095] After the OK button 1 21 8 is selected by the operator at step 13 1 4, the relationship object editor window 1 202 
is closed, the associated logical relationship object 544 is displayed, and the corresponding description is stored. 
[0096] FIGURE 14 illustrates a contingent line editor 1402, operative for editing information pertaining to a contingent 
relationship object 550 (FIGURE 5). Description edit box 1404 accepts, from the operator, input of a contingent line 
number and associated explanation. A help box-1.406provides pertaining to the control on the contingent line editor 
over which the cursor is currently displayed. A "Cancer button 1408 is operative for canceling the information entered 
during the current invocation of the contingent line editor 1402. An OK button 1410 is operative for entering the new 
information in the database associated with the currently selected contingent relationship object 550. 
[0097] FIGURE 1 5 illustrates a group box editor window 1 502, operative for modifying the characteristics of a group 
box object 542 (FIGURE 5). A group title edit box 1504 accepts text describing the title of the group. The title position 
control area 1 506 accepts input that instructs the program where to locate the group title. Five radio buttons provide five 
choices for the title position: a "top left" radio button 1508, a "top center" radio button 1510, a "top right" radio button 
1 51 2 a "bottom left" radio button 1 51 4, and a "bottom center" radio button 1 51 6 specify that the group title is to be posi- 
tioned at the specified location. A group description edit box 1518, preferably having a scroll bar 1520 is operative for 
accepting input text that describes the group. A group differentiation control area 1522 provides a selection of the 
appearance of the group box 542. The radio buttons that are provided to allow selection of a group box appearance are 
as follows: "normal solid line" 1524, "thick solid line" 1526, "normal dash line" 1528, "thick dash line" 1530, and 
"shaded" 1532. 

[0098] A group type control area 1 534 provides a selection of one of two group types. A "category radio button 1 536 
specifies that the group is at a top level grouping of option category. A "subfunctionality" radio button 1538 specifies that 
the group box is nested within a category group. The objects within a subfunctionality group share at least one attribute 
that is not shared by the other objects within the same category group. 

[0099] A discretionary/mandatory control area 1 540 provides a choice of whether the group box is discretionary or 
mandatory. A "discretionary" radio button 1542 is functional for indicating that the group box is discretionary. A "manda- 
tory" radio button 1544 is functional for indicating that the group box is mandatory. As discussed above, a mandatory 
group box indicates that at least one option within the group box must be selected. 
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[0100] A help box 1546 displays text describing each of the controls within the group box editor window 1502, as the 
cursor is placed above each ot the controls. A "Cancer button 1548 is operative to cancel all the information entered 
during the current invocation of the group box editor window 1502. An OK button 1550 is operative to accept all input 
entered during the current invocation of the group box editor window 1502. 

5 [0101] FIGURE 16 illustrates the process 1602 of creating a group box and editing the characteristics of the group 
box. As discussed above with regard to FIGURE 8 (blocks 806 to 810), the group box is created and positioned in the 
display workspace 412 (FIGURE 1). The group box editor 1502 is then invoked. (See block 814, FIGURE 8.) At step 
1 606, input is received in the group title edit box 1 504. At step 1 608, the textual input of the group description is received 
in the group description edit box 1518. At step 1610, the selection of a group type 1534 is received. At step 1612, the 

io selection of whether the group box is discretionary or mandatory is received. At step 1614, a specification of the title 
position 1 506 is received from the operator. At step 1616, the specification of the group differentiation characteristic, as 
entered in the group differentiation area 1522, is received. After receiving a selection of the OK button 1550, the group 
box editor 1502 is closed, and the associated group box object is modified and displayed according to the input selec- 
tions, at step 1618. 

75 [0102] Prior to acceptance of a Knowledge Map, the constraint engine 422 (FIGURE 4) performs a number of tests 
to verify that constraints are satisfied. FIGURES 17A and 17B illustrate the process 1 702 of verifying that all constraints 
are satisfied. At step 1704, the spelling of the text within each object is verified for correctness. At step 1706, the con- 
straint engine verifies that the proper synoptic data is stored with each object. Synoptic data refers to the data that spec- 
ifies an object's position on a Knowledge Map and the object's relationship to other objects. These include location 

20 coordinates arid relationship links. 

[0103] At step 1 708, the constraint engine 422 verifies that proper syntactic data is stored with each object. Syntactic 
data refers to the data for each field within an object. Specifically, the constraint engine verifies that all required fields 
have an associated value. 

[0104] At step 1710, the constraint engine 422 verifies that the identifier corresponding to each option on the Knowl- 
25 edge Map exists within the option database. At step 1 712, the constraint engine verifies that the identifier corresponding 
to each module 51 4 on the Knowledge Map exists within the module database. At step 1 71 4, the constraint engine ver- 
ifies that all required fields within the title block 506 contain data. 

[01 05] At step 1 71 6, the constraint engine verifies that each contingent relationship 550 or constraint relationship 552 
has an associated explanation. At step 1718, the constraint engine verifies that each relationship explanation has at 

30 least one associated contingent relationship 550, constraint relationship 552, or option-module relationship. 

[01 06] At step 1 720, the constraint engine verifies that all graphical objects on the Knowledge Map have been created 
by the use of the Knowledge Map palette 41 4. At step 1 722, the constraint engine verifies that no more than one option 
having identical identification numbers 710 exists on a Knowledge Map sheet. In other words, only one hard called-out 
option or one reference option corresponding to any identif ication number 720 may exist on a single Knowledge Map 

35 sheet At step 1724, the constraint engine verifies that no more than one module having identical identification numbers 
can exist on one Knowledge Map. 

[0107] At step 1726,-the constraint engine verifies that" each independent module 514 isparfof a relationship with 
either one option or a group of options having conjunctive relationships between them. At step 1728, the constraint 
engine verifies that each dependent module 530 has a relationship with two or more option. At_step 1 730, the constraint 
40 engine verifies that the title block has a predetermined and fixed size and position, and that* it has not been moved, 
deleted, or resized. 

[0108] After a Knowledge Map is created and displayed, in accordance with the invention, the computer system auto- 
matically retrieves rules-based information that has been stored during the process of creating a Knowledge Map, and 
generates a set of rules for each option or module, as illustrated in step 30 FIGURE 1). FIGURE 18A illustrates in fur- 

45 ther detail a portion of the step 30 of retrieving rules-based information and generating rules in a form that can be used 
as input to a rules-based program. FIGURE 18A illustrates a process 1802 of retrieving information pertaining to one 
module within the Knowledge Map and the corresponding generation of a rule pertaining to the module. At step 1804, 
the mechanism of the invention initializes a rule to Null. As discussed in further detail below, the process 1802 of gen- 
erating a rule corresponding to a module operates by successively appending elements to the rule. 

so [01 09] At step 1 806, the next module of the Knowledge Map is retrieved. The first time the process 1 802 is performed 
for a Knowledge Map, the module retrieved at step 1806 is the first module. The retrieved module is referred to herein 
as the "current" module. At step 1808, an option-module relationship connected to the current module is retrieved. 
[0110] At step 1810, a test is made to determine whether the option-module relationship retrieved at step 1808 has 
a logical modifier, rf the relationship has a logical modifier, as represented by a conjunction box, flow proceeds to step 

55 1812, where the mechanism of the invention processes the logical option-module relationship represented by the con- 
junction box. The processing of step 1812 is illustrated in FIGURE 18B, and explained below. 

[01 1 1 ] If, at step 1810, the retrieved option-module relationship does not have a logical modifier, flow proceeds to step 
181 4. At step 181 4, the mechanism of the invention processes the option-module relationship without a logical modifier. 
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The step 1814 of processing an option-module relationship is illustrated in FIGURE 18C, and explained below. 
[0112] The step 1812 of processing a logical option-module relationship and the step 1 814 of processing an option- 
module relationship produce one or more rule elements that are appended to the current rule. Following step 1812 or 
step 1814, flow control proceeds to step 1816, to determine whether another unprocessed option-module relationship 

5 is connected to the current module. If another relationship exists, at step 1818, the text string "AND" is appended to the 
current rule. Flow then returns to step 1806, to retrieve the next option-module relationship connected to the current 
module, and process it as discussed above. At step 1816, if no more option-module relationships are connected to the 
current module, the rule is complete for the current module. The process 1802 of creating a rule corresponding to a 
module is performed for each module in the Knowledge Map, resulting in a complete set of rules. 

io [011 3] FIGURE 18B illustrates in further detail the step 1812 of processing a logical option-module relationship con- 
nected to the current module, during rule creation. At step 1820, the mechanism of the invention retrieves all options or 
group boxes that are connected to the conjunction box modifying the option-module relationship. At step 1822, rule ele- 
ments are appended to the current rule as follows: 

15 Rule= (Rule) OPT 1 <rel> OPT 2 <rel> ... OPT m <rel> GRP n 

Where < rel ) is the logical relationship specified in the conjunction box, and GRP m is a group box connected to the con- 
junction box. Zero, one, or more group boxes can be connected to the conjunction box. To simplify FIGURE 18B and 
this discussion, the process of creating a rule is explained with reference to only one group box. As should be apparent 
20 to one skilled in the art of computer programming, and others, this process can easily be extended to allow for a plurality 
of group boxes. 

[0114] For example, in FIGURE 7D, when the 24-ply tires module 776 is the current module retrieved at step 1806, 
the option-module relationship modified by the "OR" conjunction box 779 is retrieved at step 1808. Since the retrieved 
relationship includes a logical modifier, the process flow proceeds to step 1812. 
25 [0115] Returning to FIGURE 18B, at step 1820, the "minor model" option 778 and the "maximum landing weights" 
group box 788 are retrieved. At step 1822, the current rule is modified to: 

01 10-000016 OR ( Group Box 788 ) 

30 [0116] Where "01 10-000016" is the option identifier for the "minor model" option 778. 

[0117] Continuing with the explanation of FIGURE 18B t at step 1824, a test is made to determine whether any group 
boxes were found at step 1820. If a group box is found, flow proceeds to step 1826, where all options within the group 
box are retrieved. At step 1828, the logical relationship between options within the group box is retrieved. Preferably, 
the method of the invention includes a restriction that all options within a group box must be connected by the same 

35 type of logical relationship. If different types of logical relationships are desired, this can be handled by nesting group 
boxes, such that all logical relationships within any one group box are of the same type. Alternatively, different logical 
relationships can be combined within a single group box. 

[0118] At step 1830, the rule segment, "(OPT-, < rel ) OPT 2 ( rel ) ... OPT n )" is substituted for "GRP" in the rule formed 
at step 1822. Process flow then proceeds to step 1 81 6 in FIGURE 1 8A. If, at step 1824, there are no group boxes found, 
40 flow proceeds to step 1 81 6 in FIGU RE 1 8A. 

[0119] Returning to the above-described example referring to FIGURE 7D, at step 1826, the "198,000 lbs." option 782 
and the "increase maximum landing weight" option 784 are retrieved. At step 1828, the disjunctive relationship 486 is 
retrieved. At step 1830, the string "(0315-000025 OR 0315-000026)" is substituted for < Group Box 788) in the current 
rule, resulting in the rule: 

45 

0110-000016OR (031 5-000025 OR 0315-000026) 

[0120] where "0315-000025" is the option identifier for the "198,000 lbs." option 782, and the "0315-000026" is the 
option identifier for the "increase maximum landing weight" option 784. 
so [0121] The process flow then continues at step 1 81 6, where it is determined that no additional relationships are con- 
nected to the current module. The rule for the "24-ply tires" module 776 is complete. 

[0122] FIGURE 18C illustrates in further detail the step 1814 of processing a non-logical option-module relationship. 
At step 1832, a test is made to determine whether the option-module relationship retrieved at step 1808 is connected 
to a group box or a single option. If the option-module relationship is connected to a single option, flow control proceeds 
ss to step 1834. At step 1834, the option connected to the option-module relationship is appended to the current rule. After 
step 1828, the processing of the current option-module relationship is completed. 

[0123] If, at step 1832, the retrieved option-module relationship is connected to a group box, flow proceeds to step 
1836. At step 1836, the mechanism of the invention retrieves all options within the connected group box. For example, 
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FIGURE 19 illustrates a portion ot the Knowledge Map depicted in FIGURE 7D, revised to exclude the "minor moder 
option 778, and therefore excluding the OR conjunction box 779. As depicted in FIGURE 19, an option-module relation- 
ship 1904 connects the "24-ply tires 1 ' module 776 with the "maximum landing weights" group box 788. The group box 
788 includes the "maximum landing weight" option 782 and the "increase maximum landing weight" option 784, which 
5 are connected by a disjunctive relationship 786. At step 1 836 (FIGURE 1 8C), the "maximum landing weight" option 782 
and the "increase maximum landing weight" option 784 are retrieved. 

[01 24] At step 1838 ( the mechanism of the invention retrieves the logical relationship that exists between the options 
in the group box. As depicted in FIGURE 1 9, the logical relationship is a disjunctive (OR) relationship 786. At step 1 840, 
the rule elements 

w 

OPT., <rel> OPT 2 <rel> ... OPT n 

where < rel > is the logical relationship retrieved at step 1838, are appended to the current rule. As depicted in FIGURE 
19, the current rule becomes: 

15 

0315-000025 OR 0315-000026 

[0125] The group box depicted in FIGURE 19 contains two options. It is also possible that a group box connected to 
a relationship, and processed according to step 1814, contains one or more nested group boxes. It should be apparent 
20 to one skilled in the art of computer programming, and others, that the step 181 4 of processing an option-module rela- 
tionship, as illustrated in FIGURE 18C, can be modified to recursively retrieve ail nested group boxes and options, and 
create a rule, in accordance with the process of the invention as described herein. 

[0126] FIGURE 20 illustrates a portion of the step 34 (FIGURE 1) of retrieving object-based information and gener- 
ating object-based data for use in creating an object-based program. FIGURE 20 illustrates the portion of the step 34 

25 pertaining to the production of object-based data corresponding to one group box and its nested group boxes on a 
Knowledge Map. At step 2004, a target group box is retrieved from the computer storage representing the Knowledge 
Map data. For example, in FIGURE 7B, the group box 762 representing a general door arrangement is retrieved at step 
2004. At step 2006, all constraint relationships associated with the retrieved group box 762 are retrieved. As depicted 
in FIGURE 7B, at step 2006, the contingent relationship 760 is retrieved. 

30 [0127] At step 2008, the method retrieves the first object within the current group box 762. As depicted in FIGURE 
7B, the "Type M.lll, lll.l door arrangement" option 763 is the first object retrieved. At step 2010. the method retrieves all 
class attributes of the current object 763. At step 201 2, the method retrieves ail attributes specific to the current object 
763. 

[0128] At step 201 4, a test is_made to determine whether any additional objects exist within the current group box 762. 
35 If an additional object exists, flow proceeds to step 201 6, where the method retrieves the next object within the current 
group box 762. As depicted in FIGURE 7B, the next object is the "Type U.IJ door arrangement" option 764. Flow then 
proceeds back to step 201 0,, to retrieve class attributes of the new current object 764. 

[0129] At step 2012, object-specific attributes for the new current option 764 are retrieved. At step 2014. if no more 
objects are within the current-group box, as depicted in FIGURE 7B, flow proceed? to step 2018. At step 2018, a test is 

40 made to determine whether any subclasses exist within the current group_box. If any subclasses exist within the group 
box, at step 2020 the method retrieves the first subclass within the current group box 762. At step 2022, the method 
recursively repeats the group box analysis that begins at step 2004, as described above. At step 2024. a test is made 
to determine whether any additional subclasses exist within the current group box 762. If any additional group boxes 
exist, flow returns back to step 2020, to retrieve the next subclass. 

45 [01 30] If, at step 2024, no more subclasses exist within the current group box 762, flow proceeds to step 2026, where 
the method prints the retrieved class-based information. The class based information corresponds to the Knowledge 
Map, such that each group box represents a class of options, and each "nested group box represents a subclass of the 
class corresponding to the group box that surrounds it. For example, in FIGURE 4A, the "PW engine options" group box 
426, the "RR engine options" group box 436, and the "high altitude" group box 446 all represent subclasses of the 

so option class corresponding to the "engine options" group box 440. 

[0131] Returning now to FIGURE 1 t after automatically generating object-based data from the retrieved object-based 
information, a computer programmer skilled in the art of object-oriented programming creates an object-based pro- 
gram, at step 36. At step 38, the object-based program is executed to validate a set of product options selected by a 
customer. The object-based program also automatically configures a final product, determining the modules required 

55 based upon the set of product options selected. 

[0132] While the preferred embodiment of the invention has been illustrated and described, it will be appreciated that 
various changes can be made therein without departing from the spirit and scope of the invention. 



16 



10 



15 



20 



25 



EP 0 899 672 A2 

Claims 

1. A method of structuring product information used in a determination of a product configuration, using a computer 
system comprising a processor, memory, an input device, and a computer display device having a display area for 
displaying graphical symbols, the method comprising: 

(a) displaying a palette within said display area, said palette comprising a representation of a plurality of graph- 
ical product objects and at least one graphical logical relationship object, said plurality of graphical product 
objects including: 

(i) at least one graphical option object, wherein said graphical option object represents a product option 
and includes at least one attribute identifying said product option; 

(ii) at least one graphical module object, wherein said graphical module object represents a product mod- 
ule and includes at least one attribute identifying said product module; and 

(b) receiving a plurality of selection inputs from said computer input device, including a first selection input rep- 
resenting a first graphical product object, a second selection input representing a second graphical product 
object, and a third selection input representing one of said graphical logical relationship objects; 

(c) receiving a plurality of coordinate inputs from said computer input device, each coordinate input corre- 
sponding to one of said selection inputs and representing a position in said display area of said computer dis- 
play device; . 

(d) graphically representing said first graphical product object, said second graphical product object, and said 
graphical logical relationship object, each graphical product object being represented at a position correspond- 
ing to one of said coordinate inputs; 

(e) receiving an input selection of an identifier corresponding to said first graphical product object, said identi- 
fier corresponding to a first entry in a database; 

(e) receiving an input selection of an identifier corresponding to said second graphical product object, said 
identifier corresponding to a second entry in said database; 

(e) creating a link between said second graphical product object and said graphical logical relationship object; 

30 and . 

f) storing information pertaining to said first graphical product object, said second graphical product object, and 
said graphical logical relationship object in said database. 

2. The method of claim 1 , wherein said palette further comprises: 

35 (a) a graphical logical relationship object representing a conjunctive relationship between product options; and 

(b) a graphical logical relationship object representing a disjunctive relationship between product options. 

3. The method of claim 2, wherein said palette further comprises a graphical contingent relationship object represent- 
40 ing a contingent relationship between said first graphicaVproduct object and said second graphical. product object. 

4. The method of claim 3, wherein said palette further comprises a graphical group box object representing a grouping 
of a plurality of product option objects. 

45 5. The method of claim 4, further comprising: 

receiving a selection input representing a graphical group box object; receiving a coordinate input representing 
a position in said display area for displaying of said graphical group box; and 

graphically representing said graphical group box, said graphical representation indicative of a grouping of said 
so first graphical product object and said second graphical product object. 

6. The method of claim 2, wherein said palette further comprises a graphical constraint object representing a con- 
straint relationship between said first at least one graphical product object and said second at least one graphical 
product object. 

7. The method of claim 1, wherein said first graphical product object is a graphical option object, and said second 
graphical product object is a graphical option object. 



17 



EP 0 899 672 A2 



8. The method of claim 7, wherein said first graphical product object is a graphical hard called-out option object, and 
said second graphical product object is a graphical reference option object, and wherein said first entry in said data- 
base is the same as said second entry in said database. 

s 9. The method of claim 1 , further comprising: 

a) verifying that said graphical logical relationship object has associated links with at least two of said plurality 
of graphical product objects. 

io 1 0. The method of claim 1 , further comprising: 

(a) verifying that said graphical logical relationship object has associated links with exactly two of said plurality 
of graphical product objects. 

75 11. The method of claim 1 , wherein each of said graphical product option objects includes: 

(a) an option type field including information representative of the type of option; 

(b) an option identifier field containing an identifier corresponding to a product option; 

(c) a description field containing information indicative of a description of said graphical product option object; 
20 and 

(d) wherein said method further comprises preventing an operator from deleting said fields included in said 
product option. 

12. The method of claim 1 , further comprising: 

25 

(a) receiving a drawing number; 

(b) verifying that said drawing number is valid; and 

(c) displaying a message if said drawing number is not valid. 

30 1 3. The method of claim 1 , further comprising: 

retrieving the stored information pertaining to the graphical product objects and generating a set of rules for 
use by a rules-based computer program to produce product configuration data. 

35 14. A method of creating a Knowledge Map containing graphical objects that represent product information used in a 
determination of a product configuration, the method comprising: 

receiving a selection of two graphical product objects, including a first graphical product object- and a second 
graphical product object, and. displaying said graphical product objects; _ 
40 receiving a selection of a graphical relation object representing a relationship between said graphical product 

objects, and displaying said graphical relation object; 

storing, in a database, data specifying the position of said graphical product objects and said graphical relation 
object; 

receiving, for each graphical product object, a selection of an associated option identifier, said option identifier 
45 corresponding to a predetermined list of option identifiers stored in said database; and 

verifying that said option identifier associated with said first graphical product object is different from said option 
identifier associated with said second graphical product object. 

15. The method of claim 14, wherein said first graphical product object is a graphical option object, and said second 
so graphical product object is a graphical module object. 

16. A computer-based method of configuring a product on a computer system having a processor, a memory, an input 
device, and a display area; the method comprising: 

55 (a) receiving at least two input selections indicative of a graphical product object representative of product con- 

figuration information; 

(b) receiving input representative of a relationship between two of the graphical product objects indicated by 
the object input; 
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(c) graphically representing the graphical product objects and the relationship between the graphical product 
objects within the display area; 

(d) storing information pertaining to the selected graphical product objects and the relationship between the 
graphical product objects; and 

(e) generating a set of rules for use by a rules-based computer program to produce product configuration data, 
the generation of rules based on the stored information. 

17. The method of claim 16, wherein at least one of the graphical product objects is a graphical option object repre- 
senting a product option, and at least one graphical product object is a graphical module object representative of a 
product module, and wherein the generation of the rule includes: 

identifying at least one graphical option object having associated information specifying that a customer's 
selection of the product option corresponding to the graphical option object requires an inclusion of the product 
module corresponding to the graphical module object. 

18. The method of claim 16, wherein the generation of the set of rules comprises: 

(a) determining whether a first graphical option object and a second graphical option object have a conjunctive 
relationship with a graphical module object, the conjunctive relationship representing the information that a 
customer's selection of the first graphical option object and the second graphical option object requires the 
inclusion of the module in the product; and 

(b) in response to the determination, selectively generating a rule specifying the conjunctive relationship 
between the first graphical option object, the second graphical option object, and the graphical module object 

19. The method of claim 16, further comprising: 

(a) receiving input representative of a customer's selection of at least one product option having a correspond- 
ing graphical product option object; and 

(b) determining whether the customer's selection is logically consistent with the stored information. 

20. A computer-based method of configuring a product on a computer system having a processor, a memory, an input 
device, and a display area, the method comprising: 

(a) receiving at least two input selections indicative of a graphical product object representative of product con- 
figuration information; 

(b) receiving input representative of a relationship between two of the graphical product objects indicated by 
the object input; 

(c) graphically representing the graphical product objects and the relationship between the graphical product 
objects within the display area; - 

(d) storing information pertaining to the selected graphical product objects and the relationship between the 
graphical product objects; and 

(e) generating data for use in creating an object-based computer program, the generation of data based on the 
stored information; and 

f) creating an object-based computer program based on the generated data, the object-based program opera- 
tive for producing product configuration data. 

21 . The method of claim 20, wherein at least one of the graphical product objects is a graphical option object repre- 
senting a product option, and at least one graphical product object is a graphical module object representative of a 
product module, and wherein the generation of the rule includes: 

identifying at least one graphical option object having associated information specifying that a customer's 
selection of the product option corresponding to the graphical option object requires an inclusion of the product 
module corresponding to the graphical module object. 

22. An apparatus for implementing a method according to any of the claims 1-20. 
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□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



